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Executive Summary 

BT Environmental Consulting, Inc. (BTEC) was retained hy Cornerstone Environmental Group, 

LLC (Cornerstone) to conduct a compliance test program for one candlestick (open) flare at a 

landfill located in Northwood, Ohio. The purpose of the test program was to provide data too 

Cornerstone for use in demonstrating compliance with the requirements outlined in Title 40, Part 

60, Subpart WWW of the Code of Federal Regulations (40 CFR 60, Subpart WWW). 

The fieldwork, conducted May 31, 2007, was performed in accordance 1vith BTEC's proposal, 

071852B, dated April17, 2007. Mr. Mark Westerberg, Senior Project Manager; and Mr. 

Brandon Chase, Environmental Engineer, conducted the testing. Mr. Matt Boudreau, with 

Cornerstone, provided the on-site coordination for the testing. Ms. Wendy Licht, with the Ohio 

Environmental Protection Agency, was onsite to observe the testing. The results of the emissions 

testing are highlighted below: 

Parameter 

Flare Exhaust Gas Exit Velocity 
(feet! second) 

Flare Exhaust Smoke Emissions 
(Visual Emissions in a 2-hour pe1iod) 

Flare Inlet Gas Heating Value 
(MJ/scm) 

MJ: megajoules 
scm: standard cubic meters 

Cornerstone Environmental Group 
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I Applicable Requirement 

<60 

None 

>7.45 

Average Result 

31.6 

None 

17.55 
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(i!Ec Inc. 

1.0 Introduction 

BT Environmental Consulting, Inc. (BTEC) was retained by Cornerstone Environmental Group, 
LLC (Cornerstone) to conduct a compliance test program for one candlestick (open) flare at the 
Evergreen Recycling & Disposal facility (RDF) landfill located in Northwood, Ohio. The 
purpose of the test program was to provide data to Cornerstone for use in demonstrating 
compliance with the requirements outlined in Title 40, Part 60, Subpart WWW of the Code of 
Federal Regulations (40 CFR 60, Subpart WWW). 

Field sampling for the emissions test program was conducted on May 31,2007. Mr. Mark 
Westerberg, Senior Project Manager; and Mr. Brandon Chase, Environmental Engineer, 
conducted the testing. Mr. Matt Boudreau, with Cornerstone, provided the on-site coordination 
for the testing. Ms. Wendy Licht, with the Ohio Environmental Protection Agency, was onsite to 
observe the testing. 

2.0 Process Description 

The Evergreen Recycling & Disposal Facility (RDF) employs a candlestick (open) flare to burn 
landfill gas extracted hy a network of extraction wells (see Figure I for a schematic of the flare). 
The flare is rated at 4,300 scfm. 

3.0 Sampling and Analytical Methodologies 

Sampling and analytical methodologies for the emissions test program can be separated into two 
categories as follows: 

(1) Measurement of exhaust gas velocity, and molecular weight; 
(2) Measurement of Fugitive Emissions 

Descriptions of sampling and analytical methodologies by category are summarized by Sections 
3.1 and 3.2, respectively. 

3.1 Exhaust Gas Velocity, Molecular Weight, and Moisture Content 

Measurement of exhaust gas velocity, molecular weight, and moisture content was conducted 
using the following reference test methods codified at Title 40, Part 60, Appendix A of the Code 
of Federal Regulations (40 CFR 60, Appendix A): 

• 
• 
• 

Method 1-
Method 2-
Method 3C-

"Location of the Sampling Site and Sampling Points" 
"Determination of Stack Gas Velocity and Volumetric Flowrate" 
"Determination of carbon dioxide, methane, nitrogen, and oxygenfrom 

stationary sources" 

Note: Stack gas velocities were provided by the facility utilizing the facilities flow continuous 
emissions monitoring system (cems). Production data including flare inlet ilowrate, and landfill 
gas feed rate are provided in Appendix A. Stack gas velocity traverses could not be conducted 
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~ECinc. 
by BTEC in accordance with the procedures outlined in Method I and Method 2 due to the 
absence a of sampling port 90-degrees from the sampling pon on the horizontal axis of the dueL 
However, as a check of the facilities flow cems a traverse was conducted on the horizontal 
sampling port utilizing a standard pitot tube and thermocouple assembly, calibrated in 
accordance with Method 2, Section 4.1.1, to measure exhaust gas velocity pressures (using an 
incline manometer and pyrometer) during testing (see Appendix C for results). The standard 
pi tot tube dimensions were within specified limits, therefore, a baseline pi tot tube coefficient of 
0.99 (dimensionless) was assigned. 

The flare inlet gas molecular weight and heating value was evaluated using USEPA Method 3C, 
"Determination of Carbon Dioxide, Methane, Nitrogen, and Oxygen from Stationary Sources". 
Three 30-minute integrated san1plcs were extracted from the flare inlet gas stream using a 
stainless steel probe and an evacuated cylinder (see Figure 2 for a schematic of the sampling 
train). Triangle Environmental Services (TES) analyzed the samples utilizing a gas 
chromatograph equipped ''~th a thermal conductivity detector. Molecular weight wa~ calculated 
using the method outlined in Section 12.0 ofUSEPA Method 3. Heating value was calculated 
according to the method detailed in Title 40 of the Code of Federal Regulations, Part60.18. The 
laboratory anal}1ical data pertaining to the USEPA Method 3C analysis are available in 
Appendix B. Moisture content of the gas stream was determined by USEPA Method 3C 
analysis. The field data sheets relating to these analyses can be viewed in Appendix C. 

3.2 Flare Exhaust Smoke Emissions (USEPA Method 22) 

Visual Emissions fi·om the operation of the flare were evaluated according to USEPA Method 
22, "Visual Determination of Fugitive Emissions from Material Sources and Smoke Emissions 
from Flares". The frequency and length of time that visible emissions were observed wa~ 
recorded during the course of one 2-hour observation period. Field data relating to this test 
method arc available in Appendix D. 

4.0 Test Results 

The performance requirements of 40 CFR 60.18 with respect to an open non-assisted flare for 
which compliance must be demonstrated by this testing are (1) the exhaust gas exit velocity must 
be less than 60 feet per second (fp~), and (2) the net heating value of the gas stream being 
combusted in the flare must be greater than 7.45 megajoules per standard cubic meter (MJ/scm). 
The average values of exit velocity and net heating value indicated by this testing were 31.6 fps, 
and 17.55 MJ/scm, respectively. The tested flare exhaust stack is therefore in compliance with 
40 CFR 60.18. Raw field and computer-calculated data used in the determination of the flare exit 
velocity, laboratory analytical utilized to calculate net heating values, as well as all equipment 
calibration, and flare operational data arc available in the appendices. Sample calculations are 
presented in Appendix E. 
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Limitations 

The infommtion and opinions rendered in this report are exclusively for usc by Cornerstone. 
IHEC will not distribute or publish this report without Cornerstone's consent except as required 
by law or court order. BTEC accepts responsibility for the competent performance of ils duties 
in executing the assignment and preparing reports in accordance with the nonnal standards of the 
profession, but disclaims any responsibility for consequential damages. 

This report was prepared by: 
Brandon Chase 
Staff Environmental Engineer 

This report was reviewed by: i!vVLil.~ 
Mark D. Westerberg 
Senior Project Manager 
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Table 1 

Flare Inlet Gas Stream Volumetric Flowrate and Exit Velocity 

Evergreen Recycling and Disposal Facility 

Northwood, OH 
BTEC Project No. 07-3600.00 

May 31, 2007 

Parameter c::_ Te.st f I Test 2 r Test 3 J .. Avel"llge 
---- --··- -- - --------- --·------

Sample Time 10:16 10:4R 

Flare Inlet Gas Volumetric Plowrate (scfin) 2,009 1,983 

Flare Tip Diameter (in.) 

Flare Tip Cross-Sectional Area (ft2) 

Allowable Vmu (fps)1 

Flare Ga, Exit Velocity (fps) 

14.0 14.0 

1.07 !.07 

60 60 

31.3 30.9 

-

1 from 40 CFR60.18(c)(4)(i) 

scfm standard cubic fbet per minute 
in. : inchs 
fps : feet per second 

--------------·-

11:20 
2,093 2,028 

14.0 

l.07 

60 60 

32.6 31.6 



Parameter 

Flare Inlet Gas Methane Content (ppm) 

flare Inlet Gas Methane Content(%) 

Methane Molecular Weight (lbllb mol) 

Methane Heating Value (kcal/g)1 

Methane Heating Value (kcallg mol) 

Table 2 
Flare Inlet Gas Net Heating Value 

Evergreen Recycling and Disposal Facility 
Northwood, Ohio 

BTEC Project No. 07-3600.00 
May31,2007 

Test 1 

558,380 
55.8 
16 

11.9533 
191.3 

Test2 

555,759 
55.6 
16 

11.9533 
19!.3 

Test3 Avera2e 

468,223 527,454 

46.8 52.7 

16 

11.9533 
191.3 

Flare Inlet Gas Minimum Net Heating Value Requirmcnt (MJ/scm)' 7.45 7.45 7.45 7.45 

Flare Inlet Gas Net Heating Value (MJ/scm) 18.58 18.49 15.58 17.55 

1 USEPA Office of Air Quality Planning and Standards' Control Cost Manual 
2 from 40 CFR 60.1 B(c)(3)(ii) 

ppm : parts per million volume 

kcal/g · kilocalories per gram 
kcal/g mol : kilocalories per gram mole 

MJ/scm : rnegajoules per standard cubic meter 
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Stack or Duct Being Tested 

0 tJ-----
~ 

..... 

USEP A Method 3C 

Flow Controller 

11 D 0 
'0 l 

~-- _j 
J 

Evacuated Summa 
Canister 

~ 

----=---~--.---------~ <:!lEe Inc. 
Proj~ctNo. 07-3600.0{} 

<..Jierii Comr:rslone Evergreen 
!'Jorthwood, Oil 

B.T. Environmanlal Consulting Int. 

2615 Wolcott Street 
Fcr:ulalc, Michiglln 4R220 

{248) 54S- 8070 

Data 6-29-07 F19u.-e No. 2 
L------------------------.:;;j~--------------L- ----

[______ -----------~:r::_ _____________________ _ 





DAOSTANDARD R6.03 
Data Viewer R6.03 
WASTE MANAGEMENT INCWMI-User 115-00009-.... 

Device Type FX100 

Serial No. S5DA05308 

File Message 
Time Correction None 

Starting Condition Auto 
Dividing Condition Auto 
Meas Ch. 3 

Math Ch. 2 
Data Count 96 
Sampling Interval 600.000 sec 

Start Time 2007/05/3111:00:00 0000 

Stop nme 2007/06/0102:50:00 0000 

Trigger Time 2007/0513114:50:00 0.000 

Trigger No. 23 

Damage Check Not Damaged 

Converted Group 1 -

Ch. CH01 CH02 CH03 CH31 

Tag VACUUM TOTAL FLOW "100 

Date Time sec INCHES SCF 

2007/05131 09:50:00 0.000 4-72! -8.0 4178484 

2007/05/31 10:00:00 0.000 .2021 -28.5 4178670 

2007/05/31 10:10:00 0.000 1:9S9 -29.3 4178872 

2007/05/31 10:20:00 0.000 1;9~4 -29.1 4179071 

2007/05/31 10:30:00 0.000 2002 -28.8 4179271 

2007/05/31 10:40:00 0.000 2028 -28.4 4179469 

2007105131 10:50:00 0.000 197'3 -29.1 4179668 

2007105/31 11:00:00 0.000 1977 -28.8 4179866 

2007/05/31 11:10:00 0.000 1963 -29.0 4180063 

2007/05/31 11:20:00 1964 -28.4 4180256 

2007/05/31 11:30:00 1987 -29.5 4180467 

2007105/31 11:40:00 . 2191 -28.8 4180687 

2007/05/31 
'. 

11:50:00 . •'rl?.02 -27.6 4180909 

2007/05/31 12:00:00 ·; ·• t9S:1: -28.6 4181113 

2007/05131 12:10:00 '198~ -28.6 4181311 

2007/05/31 12:20:00 1,94& -27.6 4181506 

2007/05131 12:30:00 1906 -28.1 4181701 

2007/05131 12:40:00 11959 -28.0 4181896 

2007105/31 12:50:00 1934 -27.2 4182089 

Test Time Ave Flow scfrn 

Run-1 10:00-10:40 2009 
Run-2 1 0:40-11:30 1982 
Run-3 11:30-12:00 2093 





Method 3-C 
Analytical Results 

prepared for 

BT ENVIRONMENTAL 
2615 Wolcott 

Ferndale, MI 48220 

by 

SCAQMD #94 LA 0401 
NJ NELAP 10 - NC004 

PADEP Registration #68-3321 

Triangle Environmental Services, Inc. 

We, the undersigned, certifY to the best of our knowledge that all analytical data presented in this 
report have been checked for completeness; that the results are accurate, error-free, legible, and have 
been obtained in accordance witl1 approved protocol; and that all deviations and analytical problems 
are summarized in the "Comments on the Analyses" pagc(s), 

Re~I 
Donna Nolen-Weathington 

Method 25 Supervisor 

+/~: a~e A. Stollings 
President 

P.O. Box 13294 

Report 

07140-25C 

June 12, 2007 

Page I of 17 

Research Triangle Park, NC 27709 

Approved by: 

~.L-~ 
JOhtlY:Morimoto 

QA Officer 

(800) 367-4862 



Triangle Environmental Services, Inc. 
COMMENTS ON THE ANALYSES 

Report #07140-25C for BT Environmental 
Project ID: Cornerstone 07-3600.00 

SCAQMD #94 LA 0401 
NJ NELAP ID • NC004 

PADEP Registration #68-3321 

Tanks Received: 6/J/07 Samples Analyzed: 6/4/07 
Client Chain-of-Custody forms: 1 p 

All samples: Laboratory preshiprnent and receipt pressure and temperature readings were used for the tank pre­
and post-test tank data, respectively_ Also, laboratory receipt barometric pressure and temperature 
data were used to determine the water vapor fraction. 
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TRIANGLE ENVIRONMENTAL SERVICES, INC. 

METHOD 3-C TABLE OF RESULTS 

Nane: BT Environnental D#07140-25C ~.na:yzed: 6/4/07 

?=oject lD: Cornerstone 07-3600.GC 

Sample 
Desc!"ipticn 

,-------- Concent~ations (ppm) 
C2 N2 CH4 

Flare Inlet R~n 1 1 '482 57009 558380 

2 F~are Inlet Run 2 11704 57907 555759 

3 Flare :nlet Run 3 437~2 171329 468223 

03 

C02 

381077 

379565 

320690 



CALIDRATION 

Triangle Environmental Services, Inc. 
METHOD 3-C PROCEDURES 

Report IKJ7!40-25C 

Triplicate injections of a calibration gas mixrure consisting of oxygen ( •2.5%), nitrogen (• 10%), carbon 
dioxide ( •25%), and methane (•2%) arc made immediately before and after each batch of samples, Daily response 
factors are calculated from the prewbatch integrated responses (average area count I concentration in ppm) and must 
agree witltin 20% of the response factors oftbc initial calibrations. Furtl1er, the post-batch response factors must agree 
\vithin 5% of the pre--batch response factors. Both criteria must be met before the analyses are considered valid, 

ANALYSIS 
All samples. which include tl1e daily calibration gas mixture and sample tanks, are analyzed in triplicate using 

a computer-interfaced gas chromatograph equipped with an automated gas sampling system and a themlal cooductiviry 
detector (TCD). 0 2, N2, CO, Cl-1,, and CO, are eluted from the colunm and pass to the TCD. 

CALCULATIONS 
Calculations are done in accord wilh GSEPA Melhod 3-C procedures. A sample calculation for one of the 

samples is provided in the report 

EQUIPMENT 
Tanks are at a minimum twice evacuated and filled with ambient air filtered through charcoal and arc then 

evacuated to below 10 mm Hg and monitored for at least an hour to check that lhe tanks do not leak more lhan I mm 
Hglhour. They are then pressurized ro greater than ambient pressure with helium, analyzed to ensure< 2 ppm Cl-1, and 
< 20 ppm C02, and stored for later use. 

Certifications: 
South Coast Air Quality Management District: ID# 94 LA 040 l 
New Jersey NELAP ID: NC004 
Pennsylvania DEP: Registration #68-3321 
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TRIANGLE ENVIRONMENTAL SERVICES, INC. 

METHOD 3-C SAMPLE CALCULATION 

Na;ne: BT Environ.me!"l:.al 
P~oject :D; Cornersto~e 07-3600.00 

San:ple # Flare I~lel Ru~ 1 

D A T A 
Ta:>k N419: 

Volume (cu.m} 

Presanplir.g 
Pcs:sampling 
Final 
3aro:nei:ric 
lrJater Vapor 

Calibra:tia:<J Data: 

0.004477 
?resst:..re 

(m:n Eg) 

325.0 
585.C 

1988.0 
748.0 

28. 3 

Terr.p. (K} 

2 97. 1 5 
301.15 
301.15 

02 
Response Factor {area units/ppr:;C) 28.72 

N2 
31 . 37 

~: 
02 40,777 40,920 l.jQ,697 

N2 220,9~4 221,700 221,125 
CH4 1,780,50i 1,780,736 ~,779,515 

C02 1,742,793 1 '744,494 1 '744,560 

C A L C U L A T I 0 N S 

Measured Co::centration.s (pprr.C}: 

Cm(02) Area(02) I RF(02) 
40777 I 28.7- 1419.8 

= 40920 I 28.7 1424.8 
40697 I 28.7 1417.0 

Cm (l\2) = Area(N2)1RF(N2) 
= 220944 I 31 . 4 70~3.2 

221700 I 31.4 = 7067.3 
221125 I 31 • 4. 7048.9 

C:n (CH4) Area(CH4)1RF(CH4) 
1780501 I 25.8 69C92.0 

= 1780736 I 25.8 69101.1 
1779515 I 25.8 69053.7 

en 1 coz) Area(C02) IRF(C02) 
= 1742793 I 37.0 = 47115.2 

1744494 I 37.0 47161.2 
174c56o I 37.0 47153.0 

n~ ,J 

ID#07140-25C Analyzed: 6/4107 

CE4 
25.77 

C02 
36.99 



- 2 -
TR2:ANGLE 3NV:::RO:\l-:ENTAL SERVICES, I>l"C. ID#07140-25C 

V.ETHO::l 3-C S.'u.PLE C.~LCUI,NriON 

Pressure-Temperature Ratio, Q(:} = P{i) /T(:..): 

postsampling tank: Q(1) 
presarnplir.g tank: Q(2) = 
final tan~: Q(3) 

585 I 301.15 = 1.942554 
325 I 297.15 = 1. 093724 
1988 I 301.15 = 6.601362 

Volume Sampled (dscm} 0.3857 x Tonk Volume x [Q(1)-Q(2)) 
0.3857 X .004477 X [1.9426 - 1.0937) 
0.001466 

Averages and % Relative Sta:1.dard Deviat.ior.s (%RS:J) of Cm's are calc':.Ilated. 
{%RSD of C = %RSD af Cm) 

Moisture Correction Factor, HCF: 

- Water Vapor Press~re/Barornetric ?ress~=e 
- 28.31 748.0 = 0.9622 

CalculateC. Concent:-at:..a:-:.s (ppm): 

C{02 ) Q(3)1(Q(1)-Q(2)] x C:r.(02 )/HCF 

6.6014/(1 .9426 - 1 .0937) X 1420.510.9622 11482.0 

C(N2 ) Q(3)![Q(1)-Q(2)J x Cn(N2 )/MCF 
6.6014/(1.9426- 1.0937) X 7053.1/0.9622 57009.1 

C(CH4) Q(3) I [Q(1) -Q(2)] x Cm(CH4) /HCF 
= 6.6014/(1.9426- 1.0937) )( 69082.3/0.9622 558379.8 

C(C02) = Q(3)/[Q(',)-Q(2)] x Cn(C02)/:-1CF 
; 6.6014/(1.9426- 'r.0937) X 47146.5/0.9622 38'076.7 

(16 



Triangle Environmental Services, Inc. 
METHOD 3-C SAMPLE QA/QC DATA 

Report #07140-25C 

DAJL Y A1'1AL YZER CHECKS 

Daily Calibration 

Response Factor (RF) Checks 
Requirement: Daily RF ~ Initial RF ± 20% 

Triplicate injections of a mixture of 0 1, N2, CH,, and C02 are made before and after each batch of samples. 

Initial Calibration/Linearity 

Triplicate i njections of a cah'bration gas is made for each compound at three levels: 

NominaJ Concentrations Initial RF 
(nom) 2/5/98 

0, 500 10,000 200,000 28.94 

N, 500 50,000 700,000 34.69 

CH 500 50,000 500,000 28.91 

CO, 500 50,000 200,000 41.14 

Analy~r Linearity Check 2/5/98 

IOOx( 1-RF/RF.,~,J Requirement: 

EQUTPJ\.1ENT CHECKS 

max. dev. 0,: 
max. dev. N1: 

max. dev. CH,: 
max. dev. co,· 

Clean Sampling Equipment Checl< 

Tank 

-3.4% 
+ 1.5% 
- 1.7% 
~o 6% 

< 2 ppm CH, 
<20 ppm CO, 

Sample Tank Evacuation and Leak Check 

± 10% 
± 10% 
± 10% 
± 10% 

@ 100% 
@ 100% 

I 

Tank evacuated to < 10 mm Hg absolute pressure, monitored for > I hour, and passed for use if no 
pressure change(< l mm Hg/hr) is noted. 

Sample Tank Volumes 

Tank weighed empty, filled with deionized distilled water (temperature recorded), and weighed to 

the nearest 2 g. Volume calculated based on density of water at that temperature and results recorded 
in permanent file. 
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Triangle Environmental Services, Inc. 
CALIBRATION DATA FOR THE ANALYSES 

Client: BT E~virorJmental 

P~oject I~: Cornerstone 07-3600.00 

4-JUN-7 3: Analyzer F 
Pxcanalysis Calibration 
Compound Cone. ~~ea{l) 

02 2~600.0 708287 
N2 99500.0 3126903 
CE'I 
C02 

20500.0 
243000.0 

52:;'156::1 
9006391 

Posta~alysis Calibration 
Compound Cone. A=ea (1) 
02 24600 704807 
N2 99500 3111840 
C~4 20500 528170 
C02 243000 8977658 
Sample # 1 N419 

I! 2 N272 
I! 3 K229 

A1:ea(2) .~..rea (3) 
704110 707465 

3110381 312600'i: 
52681CI 5281507 

6960737 9001844 

A.z:ea(2) Area (3) 
704479 705472 

3112086 3117662 
527162 526224 

8964236 8965516 

Average tRSD RF 
706627 0.3% 2E. 72 

3121097 0.3% 31.37 
528336 0.3% 25.77 

8989657 0.3% 36.99 

Ave::: age RF(post) RF (pre) 
704919 28.66 28.72 

31:3863 3::...30 31.3"1 
5273S2 25.73 25. 7"J 

69i5803 36.% 36.99 

cD#D7140-25C 

!RF %Di.:t. 
28.94 -0.7.:% 
34.69 -9.5EIIi 
?.8.91 -10.85'1; 
41.14 -:0.08% 

%-Diff 
-0.21> 
-C.2't 
~0.2% 

-0.2% 

:one, ~ concentration in ~pmc, ~RSD ~ % ~cla~ive s:a~dard devlatlon, 
rtf.~~:espor.sa factor"" Average Araa/Conc., IRf'"" .respor:.se :.:J:::tcr [rom initial ca:.:.t:~ti.on, 
lD:.:a. = %{Rf-IRF)/IRF :or prear:alysis/..., 't(RFfpcst)-RF[pre)/RF{pre), C2+"" propane 

tl8 



8.UOOO -1 

f,_!)OWl 

4.0(1\)(1 

.j 
I 
i 
I 
i 
! 

-' I 
I 

I 

! 
i 
I 
I 

z.avc-o -; 

I 
! 

1).0000 
I 

I 
~ 
L 

• E • i 

(l9 

l 

I 

I 
,], 
¥ 

~ 
'i !: 
!\ 
1! 
i\ 

II 
'I :, 

ii 
!I 
I! 
II 
ii 
i! 
ti 
li 
i 

i) 

II 
i 
' 

I 
2..0 

----.-------,~-------,i--------,-------,i-------.1------~~-------,------~------"l 

<i.G 6.0 S.O 10.0 12.0 llLC lt,n 1d.o 20 



Print Date: Wed J1:n 06 14:55:59 2007 

Hle 
rtun File 
Method File 
Snmp1c ID 

C:\STAR\REC.A.LCF'\TES_F'l35.RUN 
C:\STnR\CALTCD.MTH 
1- 3C MIX CC93314 

Injection Date: 4-,JUN-7 3:19 Fi\1 

Operator ! 

~<Jorkst0.tion: 
Instrumt:'!nt: : 
Channel 

Calculation Date: 4-JON-7 3:39PM 

Det.e:ctor rrype: 
BuG li.ddress 
Samp}::: R<J.te 
P..t.:n Time 

~~·CB (10 Volt.s) 
l. ::· 
10.00 Hz 
20.002 min 

*********** St~~ Chromotography Wor)[Btation ******* Ver~ian 4.5 

Rtln Mode : Analysis 
Peuk Hea:;;nrement: F~::~ak Area 
C~lculalion Typ,~: Percent 

Peak 
Nr!, 

l 02. 
2 N2 

..... :.: .~ .... ·-·~.L ~ 

4 C02 

Name 
Rest.d L '. \ I 

5.2971 
23.3854 
.3,9606 

.. .., O::C:'"'O l),,"',._,l)v 

Ret. 
Time 
( !:Li ; 1 ) 

'7 ~...,, 

f I •..' I I 

8.055 
15.183 
,'7 !:'?O 
-L' '....,,' _, 

T.Lme 
Offset 

{min) 

-Q,023 
-0.015 
-0. 0 57 
-0.021 

Ar.'?c.:. 
( :::cunt;::;) 

------------ ======~~== ------- =~~~-~~ ---~=~== 

Totals! 99.9999 -0.126 13371164 

Total Tlnidcntified Countc ! 0 :::cunt::: 

Hidth 
Scp. l/ 2 
Code (~J~G) 

EV 
VB 
BE 
BB 

c '7 '. ' 
0.0 

C.J- "".!-,,"" .... \• .... '·· \.~·-· 
Cod:~s 

Rejected Peal~5: 3 Identified Peaks: 4 

I<iult.ipJ.ier:: l Divisor-! l 

B~seline Offset! 25 microVolt~ 

Nci.se 
N0ist:! 

~usc~): 30 lllicroVolts- fixe~i value 
tmonltored before this run)! SO mic~oVolt~ 

Could not format the injection inforrnatior1 for this run. 
Install the driver for Lhe module at addre~s 17 (type 8) to format this data. 

Rr.'::vjsioD Log! 

4-.JUN-7 3:39 PN! Calcvl3ted, rc;:;ults frora r:h::onncl u using method: 
'C:\STAR\CALTCD.MTH' 

Error Log: 

Co~;ld not for:nat lh~ error log 
Inst.0lJ t.h:::: app.:opriah:·_: modul;::. 

1\DC Board; 

[cr thr:-: mnd~11 <':': at addrc::;::; 17 
driver to format this datu. 

*~******~*********~*~*~****~********************************~*~******~********* 

10 
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Print Date: Wed J~~n 06 14:56:09 2007 

'- 1 
_ ·.- 1 e 

t<un File 
Hethod Fil~ 
S;.;~.mple ID 

C:\STBR\RECALCF\TES_Fl39.RDN 
C::\STAR\TCD.HTH 
2- tank r;r4l9 

Injentj_orl Date: 4-JUN-7 4:45PM Calc1.::1ation Date! 4-JUN-7 .5:06 Plvl 

Gperator­
i·~ork.<::- t-.a t ion: 
In.:: t ruor.en L 
Ch:::.nn~ 1 

Dct::.c:t.cr Type: 
Rt<:J ?~ddr-e::;s 
f.nmplc Rat.e 
R;_u< Time 

f'~CE (10 Volts) 
LD 
10.00 Hz 
/0.002 min 

*********** Star ChrornaLasraphJ Worl~stal.ion ******: Versio11 4.5 *************** 

Run Mode : 
PeaJ<. ;-.·leasurBm:::nt: 
Calculation Type: 

Pe;;:-:}:; 
N::~, 

1 C2 
2 N2 
._, CH4 
4 C02 

Peak 
Name 

Resu] t. 
( \ 
\ I 

J. .07-'37 
5.8175 

45.3817 
45.8889 

Ret. 
Tim~ 
' . \ \!Hln, 

7.649 
8.192 

.................. 
J..::;, .l-:'-" 

17.684 

Time 
Ofi~c~ 

{nun; 

0.049 
0.122 

-0.114 
0.084 

P~ r e;3.. 
{ (:D1Jnt:~} 

.ir.'1"'1*7 
"']" V I I I 

220944 
1780.501 
174279.3 

------------ ~=~======= ------- ==~~~== ======== 
Tot.;:.-1.] s: 0.141 3785015 

Total Unidentified Counts : 

BV 
VB 
BE 
BE 

~·7idth 
1/2 

{ ;::;ec) 

1 -~ 0 
.1,"': ..... 
, '? ""! 
..I.. I o (... 

St. a tn::: 
Cede::; 

RejecLed Peaks: 0 Identified Pealts: 4 

E0..:;:;clii~e Off':;et.: -9 Ji1ic.r-oVo1 t.::. 

Could not format. th~.: lnj:..:ction lDftHlil·.:llc:ll fo::: thl::. r-un. 
InGtall the dr:i-.fr:.r. for tLc mur1.1i3<:~ dt .t:~t3rt',•C· 1'7 (typeS) !-.o fnrmat. thi,s d::;.La. 

Could not format the error log forth~ n;cdule at addcess 17 (type 8). 
lnsLall the appropriate lJ:odulc driver La for1nat this data. 

l',DC Board: 

*************************************************************~***************** 

j r 
.. ~ 



TRIANGLE ENVIRONMENTAL SERVICES, INC. 

METHOD 3-C DATA REPORT 

Nane: B7 Envi.:-onmer:ta:J. ID#07' 40-25C Analyzed: 6/4/07 

Project IC: Cornersto~e 07-3600.00 

Sample # i 

T/'.NK N41 9: 
Volwne (cu. :n) 0.004477 

Pressu::e Temper2.t1.:rG ?/T 
( IT.r.J Hg) (K) 

Presamp::!.ing 325.0 297.'5 1 .094 

Post sampling '085.0 30'1. ': 5 1. 943 
Lab receipt 585.0 301.15 1 . 943 

Final 1988.0 301.15 6. 50"! 

Barometric 748.0 
Water Vapoo: 28.3 

?ield and laboratory nostsampl:..nq pressure-temperat1:re cot~parison: 

Laboratory receipt ?/T I Field pos:sampl~ng P/T = 

Volu;r.e Sampled (dscrn) C.Cl01466 

calib::'at.:i.on Data: 

Respo::.st; Facto= (area ·Jnits/ppmC) 
Practical Qua~titation Limit (ppm) 

Areas: 
02 40,777 40,920 
N2 220,944 221,700 

CH4 11780,501 1,750,736 
C02 1,H2,793 1,744,494 

Concentrations: ppn------, 
l ..... 'T~o·J.n t = SD 

02 11482 = 32 
N2 57009 ± 102 
CH4 558380 ± 203 
C02 381077 ± 219 

02 
28.72 
i 56 

N2 
31 • 37 
156 

40,697 
22i 1125 

1,779,515 
1 '74<;' 560 

%RSD 
0.3 
0.2 
0.0 
0. 1 

1 . oco 

CH4 
25.77 
156 

C02 
36.99 
156 



TRIANGLE ENVIRONMENTAL SERVICES, INC. 

METHOD 3-C OAT A REPORT 

~ane: BT Er.virc~mental IDI07140-25C Ana:yzed: 6/4/07 

Project ID: Corners~one 07-3600.00 

Sample # 2 Flare Inlet Run 2 

Tll.II:Z N272: 
Volt::me (cu .m) = 0.004540 

Pressure Temperature PIT 
(:rm Eg) (K) 

?resampling 326.0 297.15 i . 097 

Postsampling 600.0 301.15 1 . 992 

Lab receipt 600.0 301. 15 1 . 992 

Final 1877.C 301 .15 6.233 

3aro:netric 748.0 
Water Vapor 28.3 

Field and laboratory nostsarnpling pr-essure-te:nperature co:r,oarison; 

Laborato=y receipt PIT I F:..eld postsamp2.ing P/'T = 1 . 000 

Volume Sanpled (dscrr.) 0.001568 

Calib:-ation Data: 
02 N2 CE4 C02 

Response Fact. or <a=ea uni::s/ppmC) 28.72 31 • 37 25.77 36.99 

?rae tical Quantita:.io:: Limit (ppm) 140 140 140 140 

Areas: 
02 46,381 46,448 46,534 
N2 251,163 250,785 251,219 
CH4 1,981,391 1,978,434 1,978,260 

C02 1,941,303 1,938,610 1,941,340 

Concentrations: ppm 
Arr.ount ± SD %RSD 

02 11704 ± 19 0. 2 

N2 57907 ± 54 0. 1 
CH4 555759 ± 494 0. 1 
C02 379565 " 306 0. 1 

14 



TRIANGLE ENVIRONMENTAL SERVICES, INC. 

METHOD 3-C OAT A REPORT 

Nane: B~ Environmental ID#07140-25C Analyzed: 6/4/07 

Project ID: Cornerstone 07-3500.00 

Sample # 3 Flare Inlet R~n 3 

TP..KK N229: 
vo:urr,e (cu.rn) 0.004477 

Pressure 
~:nm 1-lg} 

325.0 
592.C 

11592. 0 
1189~. 0 

Temperat'.lre P/::' 

Presar:Jpling 
PostsamplJ.ng 
Lab receipt 
Fi::.al 
Ba:::-ometric 748.0 

Viate!" Vapor 28.3 

{ ") 

297. 15 
301 . 1 5 
301.'15 
301.15 

1 • 094 
•. 966 
.. 966 
6.279 

Laboratory I t rece:Jp 
i 

P/T I Field postsampl.:.ng ?/'::: = 
! 

Volu:-ne Sampled (d.Scm) O.OD15C6 

Calibratio~ ~nta: 

Response Factor (area u~its/ppmC) 

Pract:.cal Qcan::it,tion Limit (ppn} 

~: 

02 167,6~7 157,885 

N2 71 7' 01 5 7•8,623 

CH4 1,614,4]1 1,6"7,569 

C02 1 ,590, 1•3 1 1 588 1 7 94 

Conc.:ontra: tions: ppm 
i1r.IOU:1. t ± SD 

02 43712 = 37 
:n 171329 ~ 246 
CH4 468223 = 1892 
C02 320690 = 1526 

02 
28.72 
145 

N2 
3 · .. 37 
HS 

167,778 
718,935 

1,605,055 
1,576,452 

%?-SD 
0. 1 
0. 1 
0.4 
0.5 

1. 000 

CH4 
zo.77 
145 

C02 
36.99 
1 4 5 



Chain 
of 

Custody 
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Triangle Environme. j) Services, Inc. 
LABORATORY SAMPLE INFORMATION AND CHAIN-OF-CUSTODY FORM 

-
Company Name: G -E:..· c· I - Projeci/Ciient [D: C,,r;--.~.-s-tv·,~ 

j!r··~ t+ 
D-"1- '3,1::-•.-, )'! Date: ::;--·!,/-~} 

Contact Person· M..:>a.../<.. iJ.1 e_ <;, T f~?t.ft, (!~( Phone #: t ; '-( ...,_, ~ :;,- Cj D 53 Process Type: Ca . .-..,cj k>{,c-L Fl·-~ 

Latest Date Complete Set Note: Normal Turnaround is 15 Results Due Date: G LL· v 1- Extra charge will apply 

of Samples Expected at Lab: working days al!r!r n:cripl nf for rush results 
cmnrt\ete $el of sampks Repon Package Due Date: 

Send Repon to: Person ~~..(',.,.A__./c V-r-r. s -i-v-1-t../q Send Invoice to: Person 
) 

(Street addn:ss reqnin:d Company G ;-p_ (~ (if different frorn report Company 
for fed E:tshtpmcnt of at!t.lrcss) 

report) 
).t•<: v_;~ r \;:.++ ..tdc!res.'i 01 ' Address 

Fe"- ,"'1/l. d t_ l-1..... 
' 

VVl i '-j t LL@; 

Phone ff ']_'-I S St.t't; )3':0 D l F'L\'~ 1-. '-~ '}, - s: C( z-- <t> n PO# ··--- ·-

./ all applicable boxes Anaty_s iS 
-' I 

US EPA: CJ Me!l10d 25 ',/ifMethod 3-C 0 Method 25-C (NMOC"' C jdot;mlt\ ) .. 0 Mctlto<i_I()-13J SCI\Qi\1D: 0 Method 25. l 0 Method 25.2 

_.. 1 #of Tank & Trap Samples: ·------r:-=-="'-='L-'=="'---""----t--':..:::-'-'======-----+.::..======--------; 

-1 0 Audit with Delay o Rush Turnaround 0 High Concentrations Possible o Dilute High Concentrations 

(extra char e) (extra char e) 0 Call if Concentrations Hi h (e.xt~a charr:e) 

Svecia1 Instn.Jctions: 

Tanks for Analysis (Bags) (List IDs): N (_/ I 1 I tJ ::.9 ~L ;' 
k I" < q I_.._. :..~ ;,._...- I 

r;vrts Equipment o Client Equipment 

) ~"'! I 

Tanks, Unused for Reconditwning (Ltst!Ds): _,::_:::V:._-"'>!...:::=-.!IL ____ _ 

" 

Rclmquished by: t~. tl os~:: > 
1 

~.., 1 Timt _3 ~"· 

Tanks receive~ n f , l 
at TES bv: ~ '-1 , ' 

Time: 

t rs-" 
D<lk 

C./1/"'7 

~' l (919) 361-2890 
{QA:fonnsli,lfo cu ... .ti1n /07 

/) 
6661 S. Alston Avenue 

---

Traps for Analysis (List IDs): -------- --·····-- ----------

---------

0 Client Equiomcm to be Reconditioned 

Traps, Unused for Reconditiomng (List IDs): ------------

To: 
(C?.rri«l 

T('aps~ed~ 
al-rESbv:-

Durham, NC 27713 

Condition: !JJ.U: Tim.:: 

FAX (919) 361-3-17,1 



Unit2i of Measure: 

Sample# 

METHOD 25 SAMPLE DATA 
Triangle Environmental Services, Inc. 

I Date:. s-;z., /v? 

Pressure: Wmm Hg 0 in.Hg Temperature: 0 'F ~C 

Tank ID # fi/'-lf l Trap lD # 

Description !F"f\'''f~--~·~--~·f··~······u··~;:;··~L···rE:"FT·r·· .. -ri-fC/~-~~·r······~···{··~-····~······-~·-·····t 
(20 character limit) t ....... : •• ,_,,: ••••••• : ....... : ....... =·····--··· .. ··=-······=·--··=···-·· : ....... :.-.... : ....... :. ...... : ....... : ....... : ....... :._, ·· : ..... -: .. , .... : 

··usc:lhi Barometric Pressure Tank Vacuum Aboolute Pressure Temperature 

Pre-Test Data 76 ( -50 U'i.S\ 3Z.S Z-'f"' 

Post- Test Data 

Sample # Tank ID # Trap ID # 

l(~c~~a~ja~;!~::mit) J::F.::r::~:~::t::i::~~:::§:f.:~::::~:~~:0.:~::~[~~:J:i:::::::j::~~:~::t:2:I:::::::~::~:::::::i:~:::::~:~::::! 
~ • Daromelric Pressure Taok Vacuum Absolute Pressure Tempcratnn: 

Pre-Test Data 7 6 ( - c; ,_ ( 1 S ,z.s) Jz. b L '1 ~ 
Post-Test Data - i 3 (3 .0 ') 

Sample# Tank lD # AJZ -z:.._ ') Trap ID # 

Tunk Vacuum Absolute Pressure Tempera I ure 

- ')o (IS) 

Post- Test Data -.IS 

Sample# Tank lD # ,;{_..!) 2-( Trap ID # 

Description 
(20 character limit) 

''2''~ nnrometric Pressure I Tank Vacuum AbJ;olutc Pres~>ure 

Pre-Tesl Data 7 G I 
Post-Test Data 

Sample# Tank ID # Trap ID # 

Description 
1(20 charact~r limit) 

I ),,:~Y);: Ilaromctric Pressure Tank Vacuum Absolute Pressure Temperature 

Pre-Test Data 

Post-Test Data 

Sample# Tank ID # Trap ID # 

Description 
(20 character limit) r::::::r::::T:::::r::::r:~I::::~cr::::r:~::r::::r::::r::::c:r::::r::r:::I::::c:r::I:::::: 
I·'' 

fiarometric Pressure Tank Vucuum Absolute Pressure Temperature 

Pre-Test Data 

Post-Test Data 

[QA forms]m25_data.frm l0/97 





I 

BTEC Inc. 
US EPA METHOD 2 GAS VELOCITY TRAVERSE 
AND VOLUMETRIC FLOWRATE DATA SHEET 

. Corne-t' 5~'01'1 t_ 
Chen'---:~:;-;-7-:-::=;-----­
Date 5/!i I o7 
Sampling Location fiN'e.- 111 f<.. ·{-

Run Number f=Jo .v 
Time t~:oo 

Stack Dimensions- Distance A ------­
Stack Dimensions·- Distance B -------
Stack Diameter I '1 ~.r 
Stack Area, Sq ft .. _-:::-:o.---
Gas Temp., "F WB S?o" %C02 ____ _ 

Gas Temp., "F DB ----- %02 ____ _ 

%of Point Traverse Velocity Stack 
Stack Distance Point Head Temp ..JI/el. Head 

Diameter (in.) Number /LIP) in H20 "F /LIP\ in H20 

6 ~ i'-1 lo6 
s .,1.1. 
'+ v 3D 
3 q 3& 
'), ,~6 / 

I .. 3 <.. ~ 

~- /; ,/ Operators_._:_{~ ;;!IJ_~~--~~ 
Pilot Tube number l F'l __£.:_;___,..,~-

Pitot Tube factor, Cp ,. Cfj 
Cyclonic Flow Check.,__ ____ _ 

Bar. Pressure in Hg. --,--,--,--­
Static Pressure in H20 +- 2, 5 
Moisture, v/v 
%CO ____ _ 

%N2 ____ _ 

Null Angle Flow Angle 
(zero LIP angle) 0 (90• from 

null anQie) 

. .· 



Comp*y Evergreen Recycling and Disposal Facility, Northwood, OH 

SourceiDesignation Flare Inlet 

TestD4te 5/31/2007 
Test Number 1 
Operator MW/BC 
Barometric Pressure 29.25 

Stack Static Pressure 2.3 

Stack Dimensions (in.) 14 

Traverse points 6 

Wet-bulb temp. (0 F) 

Pitot Tube Number I 

T ravcrse Point Stack Temp. Velocity Pres. 

Number (Of) ("H20) 

6 106.0 0.14 

5 106.0 0.22 

4 106.0 0.32 

3 106.0 0.38 

2 106.0 0.36 

1 106.0 0.32 

106.0 

Stack Pressure (Ps "Hg) 

Stack Gas Specific Gravity (Gs) 

Average Stack Temperature (Ts °F) 

Average Stack Velocity (Vs ftlminute) 

Area of Stack (As ft2
) 

Flowrate (Actual CFM) 
Flowrate (Standard CFM) 
Flowrate (Dry Standard CFM) 

Pitot Tube Corr. Factor 
Moisture Content(%) 
Condensate Volume 
Silica Gel Weight Gaiu 
Gas Analysis Results: 

C02 

02 
Nz 
CH.t 

Traverse Point Stack Temp. 

Number (oF) 

6 106.0 

5 106.0 

4 106.0 

3 106.0 
2 106.0 

1 106.0 

106.0 

0.99 
3.0 

38.1 

1.1 
5.7 

55.8 

V clocity Pres. 

("H20) 

0.14 
0.22 
0.32 
0.38 
0.36 
0.32 

29.42 

0.94 
212 
2,265 

1.07 
2,421 
2,221 

2, !54 



Company Evergreen Recycling and Disposal Facility, "\!orthwood, OH 

Source Designation Flare Inlet 

Test Date 5/3112007 

Test Number 2 
Operator MW/BC 

Barometric Pressure 29.25 
Stack Static Pressure 2.3 

Stack Dimensions (in.) 14 

Traverse points 6 

Wet-bulb temp. (OF) 

Pitot Tube Number 1 

Traverse Point Stack Temp. Velocity Pres. 

Number (of) ("H20) 

6 106.0 0.14 

5 106.0 0.22 

4 106.0 0.32 

3 106.0 0.38 

2 106.0 0.36 

1 106.0 0.32 

106.0 

Stack Pressure (Ps "Hg) 

Stack Gas Specific Gravity (Gs) 
Average Stack Temperature (Ts °F) 

Average Stack V clocity (V s ft/minute) 

Area of Stack (As ft2) 

Flmvrate (Actual CFM) 
Flowrate (Standard CFM) 
Flowrate (Dry Standard CFM) 

Pitot Tube Corr. Factor 
Moisture Content(%) 
Condensate Volume 
Silica Gel Weight Gain 
Gas Analysis Results: 

co, 
02 
N2 
CH4 

Traverse Point Stack Temp. 

Number CF) 

6 106.0 
5 106.0 
4 106.0 
3 106.0 
2 106.0 
1 106.0 

106.0 

0.99 
3.0 

38.0 
1.2 

5.8 
55.6 

Velocity Pres. 
("H20) 

0.14 
0.22 
0.32 
0.38 
0.36 
0.32 

29.42 

0.94 
212 
2,266 

1.07 
2,422 
2,222 
2,155 



Company Evergreen Recycling and Disposal Facility, Northwood, OH 

Source Designation Flare Inlet 
Test Date 513112007 
Test Number 3 
Operator MWIBC 
Barometric Pressure 29.25 
Stack Static Pressure 2.3 
Stack Dimensions (in.) 14 

Traverse points 6 

Wet-bulb temp. ("F) 

Pitot Tube Number I 

Traverse Point Stack Temp. Velocity Pres. 

Number (°F) ("H20) 

6 106.0 0.14 

5 106.0 0.22 

4 106.0 0.32 
3 106.0 0.38 
2 106.0 0.36 

I 106.0 0.32 

106.0 

Stack Pressure (Ps "Hg) 

Stack Gas Specific Gravity (Gs) 
Average Stack Temperature (Ts °F) 
Average Stack Velocity (Vs ft!minute) 

Area of Stack (As ft2
) 

F1ov.Tate (Actual CFM) 
Flowrate (Standard CFM) 
Flowrate (Dry Standard CFM) 

Pitot Tube Corr. Factor 

Moisture Content(%) 

Condensate Volume 
Silica Gel Weight Gain 

Gas Analysis Results: 

C02 

02 

N2 
c~ 

Traverse Point Stack Temp. 

Number (°F) 

6 106.0 
5 106.0 
4 106.0 
3 106.0 
2 106.0 
I 106.0 

106.0 

0.99 
3.0 

32.1 
4.4 
17.1 
46.8 

Velocity Pres. 
("H20) 

0.14 
0.22 
0.32 
0.38 
0.36 
0.32 

29.42 

0.95 
212 
2,258 

1.07 
2,414 
2,214 
2,148 

I 
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l2 77 

F'UGIT2'VE OR SlVJOK~ EM1S5:!0N INSPECTI02q 

Ou""TDOOF' LOCF.T10N 

Company S>.-n<-r1k.'1 e. 
C,oca t :ion t:vu:5r.._., f<ec.vd• ··~ ''""l bi,p,- •~I f;._c_;/;~1 
Conpany ?.ep. 

Obsec::cver Be. 
~.£filiation Bi.G.C 

iDate 5-J/-;;J? 

l p::y ~or:di t. ~ens 
freclplt:a::J..on 

Vi:.nd. :Jirec:io::1 .V.4 

V(ir:d Speed 0 

trndust:::cy ?·l"OCESS U:1i t 

sL::etch process unit: indicate observer position :rela:.:. VE 

I 1 " . 1 "/ tf s;curce,· .lrlC:.ca"C.e PC?t~r..t.la_ er:1:..sslor. po~n:.s ana. or 

a)t'..lal emissic:1 .. pcints. :·. Ia 
__ J~ 
- . ~ -----------
~- -~~roc"'-. 

OBSERVP.':'l ONS 

Begi~ 
Obsen~at:.icn 

End 
Observat.io:J 

Clock 
Time 

{o:oo 

Obse::-va:.icn 
pe=iod 

duratio:l, 
mi:r:::sec 

F:igur: 22-1 

Accurnt:.la::ed 
ei.iiss::.o~ 

time, 
min:s€::c 

I 
J 





SAMPLE CALCULATIONS 

Stack Gas Velocity 

Absolute Stack Gas Temperature. T, (0 R) 

T, =460+!, 

Where: t, = Measured stack gas temperature (°F) 

For example, for the first flow mc:asurement pertom1ed on the flare stack, the average 

stack temperature was I 06°F. The average temperature in degrees Rankine is therefore 
1 06 + 460 = 566°R. 

Absolute Stack Gas Pressure. P, (in. Hgl 

P=P +(pstat) 
s ba' 13.6 

Where: P1, = Barometric pressure at test site (in. Hg) 
Pstat =Stack static pressure (in. Hg) 

For example, for the first t1ow measurement performed on the flare stack, the barometric 

and stack static pressures were 30.11 "Hg, and 2.5"lh0, respectively. The absolute stack 

pressure is then: 

P, = 30.11 + ( 
2

·
5 

) = 30.29" Hg 
13.6 

Stack Gas Molecular Weight. Drv Basis (]bllb mole) 

M" = 0.44(%C02)+ 0.32(%02 ) + 0.28(%N2 +%CO)+ 0.16(%CH4 ) 

For example, the 0 2 content of the flare inlet gas stream was 1.1 %. The C02 content of 

the gas stream was 38.1 %, and the N2 content was 5 .7%. The methane content was 

55.8%1
• The dry stack gas molecular weight is therefore: 

Md = 0.44(38.1 %) + 0.32(1.1 %) + 0.28(5.7%) + 0.16(55.8%) = 27.64 lb 
lb mol 



Stack Gas Molecular Weight, Wet Ba>is (lb/lb mole) 

M = M (1 -B.,)+ 18( Bw,) 
' d I 00 I 00 

The stack ga> moisture content from the USEPA Method 3C analysis was 3.8%. The wet 
stack gas molecular weight is then: 

M, = 27.64~lb_(l- 0.038)+ 18(0.D38) = 27.27-lb_ 
lb mol lb mol 

Stack Gas Exit Velocity. V, (fps) 

V=KC~M'T, 
·' P P PM 

' ' 

Where: Kp =Pilot tube constant equal to 85.49 fi (lbl lb·mole)(in.Hg) 
sec (" R)(in.H ,O) 

Cp =Pi tot tube coefficient, dimensionless 
£IP =Velocity head of stack gas (in. H,O) 
M, =Molecular weight of the stack gas, wet basis (lbllb mole) 

For example, for the first flow measurement performed on the flare stack the average 
velocity head of the stack gas wa~ 0.29"1-120. The diameter of the inlet duct where flow 
measurements were made is 14". Using values already calculated, the average stack ga~ 
velocity at the point of measurement was calculated a<; follows: 

The cross-sectional area of the inlet duct at the point of measurement is: 

7t [ 14 ~11]' = 1.07ft' 
4 12111 

ft 

The stack ga> volumetric flowrate is then: 

(!.07/id 37.31!.._) = 39.9 ft' 
\ sec sec 

The flare tip inner diameter is 14". The cross-sectional area of the flare tip is then: 



rc [ 14i_n ]' = l.O? Ji' 
4 12m 

ji 

The flare gas exit velocity is then: 

39 9 fi' . . ft 
--=se7-c = 37.3-·-
1.07 ji2 sec 

Stack Gas Net Heating Value 

" 
HT =K'f.C,H, ,_, 

Where: Hr =net heating value of the sample (MJ/scm) 

K= 1.740·10-'(-1 )(gmole)(MJ) 
. ppm scm kcal 

C; =concentration of component ion a wet basis (ppm) 
H; =net heat of combustion of sample component i (kcal/g mole at 25°C 
and 760 mm Hg) 

for example, the first USEPA Method 3C sample taken was 558,380 ppm methane. The 
heating value for methane in the USEPA Office of Air Quality Planning and Standards' 
Control Cost Manual is 11.9533 kcal/g. The molecular weight of methane is 16 g/g mole. 
The net heat of combustion of methane is then: 

11.9533 kcal (16 . g ) = I 91.25 kcal 
g g mole g mole 

The net heating value of the sample gas stream is then: 

Hr = 1.740 ·10-'[(-
1
-J(g mole)( MJ )](558,380ppm { 191.25 kcal J = 18.58 MJ 

ppm scm ~kcal \ g mole scm 


